Soybean globulins were deamidated after removing phytate using ion-exchange resins, and then hydrolyzed by digestive enzymes. The phytate-removed deamidated soybean globulins (PrDS) retained high calcium-binding ability even after the hydrolysis by digestive enzymes. PrDS and its hydrolysates enhanced calcium absorption from the small intestine when injected into the small intestine together with a calcium solution.
The amount of calcium absorbed in the intestine is about 20-40% of the total calcium intake and is affected by coexisting substances. It is therefore important to consider not only how much calcium to take but also what to take it with. Soybeans have been reported to have low calcium bioavailability, 1) probably due to phytate. However, lowering the phytate content has not been found effective enough to increase the calcium absorption.
2) The reason for this is that the removal of phytate only eliminates the substance that inhibits calcium absorption, the remaining protein not having a structure to favorably interact with calcium. In order to provide soybean proteins with a new function to enhance the calcium bioavailability, we deamidated soybean globulins after removing phytate. 3, 4) These phytateremoved deamidated soybean globulins (PrDS) had better in vitro calcium-binding properties than the original soybean globulins and phytate-removed soybean globulins (PrS). 4) However, the in situ and in vivo effect of PrDS on calcium absorption has not yet been proved. Therefore, in this study, we examined whether PrDS would enhance the calcium absorption when injected into the small intestine of experimental rats. We also examined the effect of PrDS hydrolyzed by digestive enzymes on the calcium absorption, because proteins are hydrolyzed by digestive enzymes before reaching the small intestine.
Soybean globulins (SG) were prepared by isoelectric precipitation after defatting the soybeans. PrS was prepared by removing phytate from SG by using anion-exchange resin with a 2-hydroxyethyl dimethyl ammonium group (IRA410, Organo Co., Tokyo, Japan), and PrDS was prepared by using cation-exchange resin of carboxylate type (IRC50, Organo Co., Tokyo, Japan) as described in a preceding paper.
4) The deamidation level of PrDS was about 73% of the total acid amide in the soybean globulins.
PrS and PrDS were hydrolyzed by digestive enzymes, using pepsin (200 units/mg of protein from porcine stomach mucosa), trypsin (5000 units/mg of protein from porcine pancreas), and chymotrypsin (1000 units/ mg of protein from bovine pancreas). Each digestive enzyme was mixed with soybean globulins in the weight ratio of 1:100 and reacted at 37
C for up to 6 h. The enzyme was inactivated by heating at 85 C for 15 min. As a reaction medium, 0.01 N HCl was used for the pepsin and a 0.05 M Tris-HCl buffer at pH 7.4 was used for the trypsin and chymotrypsin. Soybean globulins mixed with the inactivated enzyme were used for the unhydrolyzed sample. The degree of peptide-bond hydrolysis is expressed as the proportion of nitrogen contained in the 0.6 M trichloroacetic acid-soluble fraction to the total nitrogen content. The nitrogen content was measured by the Kjeldahl method.
The amount of calcium bound to the soybean globulins was evaluated according to a previously described procedure. 3, 4) The free calcium concentration was measured with a calcium-ion meter (IM-40S, Toa Electronics Ltd., Tokyo, Japan). The apparent amount of calcium bound to the soybean globulins was calculated by subtracting the free calcium concentration from the y To whom correspondence should be addressed. Tel/Fax: +81-466-84-3946; E-mail: kumagai@brs.nihon-u.ac.jp Abbreviations: CCM, calcium citrate malate; CPP, casein phosphopeptide; PrDS, phytate-removed deamidated soybean globulin; PrS, phytateremoved soybean globulin; SG, soybean globulin total calcium concentration.
Five-week-old male rats of the Wistar strain (Clea Japan, Tokyo, Japan) were individually housed inside wire cages in an environmentally controlled animal room at 22
C with a 12-h light/dark cycle and given free access to a commercial diet (CE-2, Nippon Biosupp Center, Tokyo, Japan) and water. All the rats were treated in accordance with the Guidelines for Animal Experiments of College of Bioresource Sciences at Nihon University.
After being fasted for 38 h prior to the experiment, the rats were anesthetized with pentobarbital, and the upper and lower parts of the ileum (ca. 20 cm) were ligated with sutures. Twenty mg of calcium chloride and 10 mg of each sample dissolved in 1 ml of a 0.03 M Tris-HCl buffer at pH 7.4 were then injected into the ligated loop, and portal blood was withdrawn 0-60 min after the injection, using a different rat with each withdrawal of a certain period. The blood was centrifuged at 1;300 Â g for 15 min at 20 C, and the calcium content in the supernatant was measured by inductively coupled plasma atomic emission spectroscopy (SPS1700R, Seiko Instruments, Inc., Tokyo, Japan). Each data value is expressed as the meanAES.E. and was analyzed by Student's t-test.
There was no significant difference in the degree of hydrolysis between PrS and PrDS, both of which were hydrolyzed up to about 30% by pepsin, about 8% by trypsin, and about 3.5% by chymotrypsin after 6 h of reaction. This result suggests that the deamidation of the soybean globulins would not significantly affect their degree of hydrolysis, and that both PrS and PrDS would be hydrolyzed more in the stomach than in the small intestine. Figure 1 shows the calcium-binding isotherms of PrS and PrDS before and after hydrolysis by the digestive enzymes. The amount of calcium bound to PrS and PrDS did not significantly change, even after hydrolysis by the digestive enzymes, with PrDS retaining a high calcium-binding property. This indicates that the carboxyl group on the side chain was more important for the calcium-binding property than the molecular weight. Figure 2 shows the calcium concentration in the portal vein after an injection into the small intestine of SG, PrDS, or casein phosphopeptide (CPP) together with a calcium solution. CPP, which has been reported to enhance calcium absorption, is used in foods for specified health uses. The amount of calcium in the portal vein did not change with the injection of SG together with a calcium solution into the small intestine, while it was increased with the injection of PrDS or CPP, indicating that PrDS and CPP enhanced the calcium absorption from the small intestine. The enhancing effect of PrDS was greater than that of CPP. Figure 3 shows the calcium concentration in the portal vein 20 min after the injection of PrDS, its hydrolysates, and CPP together with the calcium solution into the small intestine. The calcium concentration in the portal vein did not change with the injection of only the calcium solution into the small intestine, while it was increased with that of PrDS, its hydrolysates, or CPP together with the calcium solution. The enhancing , PrS without hydrolysis; , PrS hydrolyzed for 6 h; , PrDS without hydrolysis; , PrDS hydrolyzed for 6 h. effect of calcium absorption was highest with PrDS, and was almost the same with every hydrolysate and CPP. This result indicates that PrDS had an enhancing effect on the calcium absorption from the small intestine, even after hydrolysis by the digestive enzymes.
